INTRODUCTION
Hypertension, defined as a systolic blood pressure (SBP) X140 mm Hg and/or a diastolic blood pressure (DBP) X90 mm Hg, is an important risk factor for cardiovascular disease. 1,2 Hypertension is a polygenic disease, with complex interactions of networked genes with environmental stimuli, and likely contributes to the development of metabolic syndrome, obesity and cardiovascular risk factors. 3 To address the genetic risk factors for hypertension, many association studies have been conducted on the basis of casecontrol comparisons, as well as population-based analyses of both candidate genes and the entire genome. [4] [5] [6] [7] [8] [9] The first genome-wide association study was carried out by the Wellcome Trust Case Control Consortium (WTCCC), which enrolled 2000 hypertensive patients and 3000 normotensive controls. 4 Although no single SNP (single nucleotide polymorphism) achieved genome-wide significance (Po5Â10 -7 ), six variants were found to be highly associated with hypertension (Po10 À5 ). 4 These six SNPs were the focus of another study, the Family Blood Pressure Program (FBPP), in which 11 433 individuals were recruited from hypertensive families. Although the FBPP did not reproduce the results of the WTCCC study, one (rs1937506) of the six SNPs was found to be associated with hypertension in Hispanic Americans and European Americans. 5 To explore the genetic basis of prevalent, lifestyle-related complex diseases in Korea, we launched the KARE (Korean Association REsource) project in 2007. Participants (n¼10 038) aged 40-69 years in the Ansung (n¼5018) and Ansan (n¼5020) community-based cohorts were genotyped using the Affymetrix SNP Array 5.0. As FBPP did not incorporate the Asian population, we analyzed the association of the six SNPs identified in the WTCCC study with SBP and DBP in 7551 unrelated individuals from the KARE project.
MATERIALS AND METHODS Subjects
Subjects were taken from two community-based cohorts, Ansung and Ansan, in South Korea. Both cohorts began in 2001 as a part of the Korean Genome Epidemiology Study. The initial populations of individuals, aged 40-69 years, from the rural community of Ansung and the urban community of Ansan were 5018 and 5020, respectively. Both cohorts are located in the KyungGi-Do province, which is near Seoul, Korea.
The basic characteristics and blood pressures of the patients are described in Table 1 . For this study, blood pressure measurements were taken thrice in the supine position. Before the first measurement, participants had a 5 min rest, and then three measurements were taken at least 30 seconds apart. The average of these three measurements was used for this study. Hypertensive status was defined as a SBP X140 mm Hg and/or a DBP X90 mm Hg.
Genotyping and quality control
Most DNA samples were isolated from the peripheral blood of participants and genotyped using the Affymetrix Genome-Wide Human SNP array 5.0. (Affymetrix Inc., Santa Clara, CA, USA). The accuracy of the genotyping was examined by Bayesian Robust Linear Modeling using the Mahalanobis Distance (BRLMM) Genotyping Algorithm. 10 Samples with accuracies o98%, a high missing-genotype call rate (X4%), high heterozygosity (430%) or inconsistency in sex were excluded from subsequent analyses. Individuals with any kind of tumor were excluded. Related individuals whose estimated identity-by-state value was high (40.80) 4 were also excluded. Finally, we used 8512 individuals, including 961 patients receiving antihypertensive therapy. Five of the six WTCCC SNPs were low in the missing-gene call rate (o0.001), high in MAF (40.01) and not significantly deviated from the Hardy-Weinberg equilibrium (Po1Â10 -6 ). One SNP (rs1937506) had a high missing-gene call rate (0.075), a high MAF and no deviation from HardyWeinberg equilibrium. Case-control analysis. We carried out two series of case-control analysis. The first set used the same sample of 7551 individuals used in quantitative trait analysis and the second set used 8512 subjects, including the patients of antihypertensive therapy. We defined untreated hypertensive patients as cases not including patients taking antihypertensive medication, and all hypertensive patients used in the second case-control analysis, as cases including 961 patients taking antihypertensive medication. In the second case-control study, we excluded the pre-hypertensive patients, defined as a SBP o120 mm Hg and a DBP o80 mm Hg, from the control group. Logistic regression analysis was used for the hypertensive cases and normotensive controls, controlling for cohort, age, sex and BMI as covariates.
Association tests
Statistical analysis. Statistical analyses were carried out using SPSS (version 15.0; SPSS Inc., Chicago, IL, USA). All tests were based on an additive model and P-values were not adjusted for multiple tests.
RESULTS

KARE hypertension data set and allele frequencies
We analyzed 7551 unrelated individuals in KARE, 3470 subjects from the Ansung cohort and 4081 subjects from the Ansan cohort. The basic characteristics of the subjects are described in Table 1 . The regional differences were computed using a w 2 -test for both sex and hypertensive ratio, whereas an independent student's t-test was used for age, BMI, SBP and DBP. All variables were significantly different between the Ansung and Ansan cohorts, as reported earlier by Kim et al. 11 The minor allele frequencies of the six SNPs in the KARE data were compared with the minor allele frequencies from the WTCCC data and dbSNP (The Single Nucleotide Polymorphism database) data. As shown in Table 2 , the allele frequencies in the KARE data were similar to those in the HCB (Han Chinese in Beijing) and JPT (Japanese in Tokyo), but were different from those of the WTCCC and CEU (Caucasians in Europe).
Association tests
Quantitative trait analysis. The quantitative trait analyses for SBP and DBP were carried out using linear regression analysis, controlling for cohort, sex, age and BMI (Table 3) . As shown by these analyses, two SNPs, rs6997709 and rs7961152, were found to be significantly associated with blood pressure. The SNP rs6997709 trended toward an association with SBP (P¼0.059, B¼À0.881) and was significantly associated with DBP (P¼0.009, B¼À0.827) in the direction of decrease. The SNP rs7961152 was significantly associated with SBP (P¼0.008, B¼1.119) and trended toward association with DBP (P¼0.089, B¼0.489) in the direction of increase. The quantitative trait analysis of each individual cohort showed similar results in the Ansan cohort, but not in the Ansung cohort (Table 3 ). In the Ansan cohort, the SNP rs6997709 was significantly associated with both SBP (P¼0.026, B¼À1.364) and DBP (P¼0.006, B¼À1.266), and the SNP rs7961152 was associated with both SBP (P¼0.018, B¼1.310) and DBP (P¼0.103, B¼0.672).
Case-control analysis. For the two case-control study sets, logistic regression analysis was used (Table 4) . We controlled for confounding factors, such as cohort, sex, age and BMI. When looking at all patients, no significant associations were found between the untreated hypertensive patients and any of the six SNPs. Given that the basic characteristics in blood pressures were significantly different between the Ansung and Ansan cohorts, we also tested each cohort separately. The SNP rs7961152 was found to have a positive association with hypertensive status in the Ansan cohort (OR¼1.286, CI 1.012-1.636, P¼0.040), but no such association in the Ansung cohort was found (OR¼1.048, CI 0.834-1.317, P¼0.688).
In the second analysis, we added patients on antihypertensive therapy to the cases, and excluded the pre-hypertensive patients from the control group. One SNP, rs2820037, revealed a significant association with hypertension when considering all patients as a group (OR¼0.827, CI 0.700-0.978, P¼0.026), and the P-value of rs7961152 was improved from 0.103 to 0.058. When the Ansung and Ansan cohorts were tested separately, the SNP rs2820037 was not found to be associated with hypertension.
DISCUSSION
We carried out a replication study of the six SNPs highlighted in the WTCCC hypertension study. A quantitative trait study indicated the association of two SNPs (rs6997709 and rs7961152) with both SBP and DBP. Even though the rs7961152 was not found to be significantly associated with hypertension in a test of all patients, the SNP showed a trend of association with P-value of 0.103, and was significantly associated with hypertension in the Ansan cohort (P¼0.040). The SNP rs7961152 also presented a tendency to associate with hypertension in the second case-control analysis that included patients taking antihypertensive medication (P¼0.058). The SNP rs7961152 is an intronic SNP located on the branched chain aminotransferase 1 (BACT1) gene locus. This enzyme catalyzes the reversible transamination of branched-chain alpha-keto acids to branched-chain L-amino acids, which are essential for cell growth. 12 No functional relationship between BCAT1 and hypertension has yet been reported. On the other hand, SNP rs6997709 and SNP rs2820037 are intergenic and not linked to any genes. Table 5 shows the significance levels of the six SNPs from the KARE, WTCCC and FBPP studies. The SNP rs7961152, which was statistically significant in this study, showed a trend toward association in Hispanic Americans from the FBPP study (P¼0.060). On the other hand, the association of SNP rs1937506 with hypertension, which the FBPP study showed by a quantitative trait analysis in Hispanic and European Americans, was not significant according to linear regression analysis in the KARE study. However, the SNP rs1937506 had a high genotype-missing rate (0.075) in the KARE data, and its association may need further analysis using an improved genotyping method. Interestingly, the most significant SNP in the WTCCC study, rs2820037, showed significant association in our second case-control analysis, which incorporated antihypertension medication patients (Table 4) . However, the SNP rs2820037 did not show any trend in the FBPP study. The significance of any SNPs in this study did not hold after Bonferroni correction for multiple testing.
As the prevalence, age of onset, severity and complications of hypertension are not similar among different ethnic groups, it is reasonable to assume that the contributions of the dissimilar gene sets differentially affect the development of hypertension in diverse populations. 3 Moreover, the inconsistent results across the three studies suggest that the complex nature of the genetic architecture affects the development of essential hypertension. Therefore, to identify the genetic risk factors for hypertension, a more comprehensive study, with a larger sample population, may be necessary.
